The fractional composition of disperse filler is most important for the formation of the rheological properties of suspensions based on liquid viscous polymer binders and the mechanical properties of three-dimensionally crosslinked polymer composite materials. Here, the main formulation parameter is the effective degree of volume filling /j m , where is the volume fraction of solid filler particles, and j m is the limiting degree of volume filling, which depends on the shape of the particles and their size distribution, and also on the physicochemical interaction at the filler-binder boundary. The magnitude of j m can be determined by the viscometric method [1] or calculated by the combinatorial-multiplicative method [2] .
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For example, for the coefficient of dynamic viscosity (E') and the initial modulus of viscoelasticity (E), the following relationship exists [1] :
where the subscripts 'f' and '0' relate to the filled and free states of the polymer binder.
The aim of the investigation was to develop a method for optimising the fractional composition of the initial disperse filler for polymer composite materials.
THEOrETICaL
The problem of optimising the fractional composition of disperse components of polymer material (for prescribed mass-average particle sizes), taking into account the need for the other service characteristics to be optimal, can take the form of the following non-linear programming formulation: fraction of the vth fraction of the jth type of filler in the composition, m j is the number of fractions of the jth disperse component, ϕ jvj min and ϕ jvj max are respectively the lower and upper boundaries for the volume fractions of the solid components in the composition, x j opt represents the optimum characteristics for the corresponding block, for example the mechanical properties and the mass concentrations of solid disperse ingredients in the polymer composite, g j represents the densities of the disperse components, and I n is the set of indices belonging to the type of filler entering the formulation of the polymer material.
In view of its complexity, the set problem, including equality-type constraints, is transformed into a non-linear programming problem with inequality-type constraints. In it, the number of independent variables to be optimised is equal to n = (m j ) -m, where m is the number of types of solid component of the polymer material. Here, the normalising relation:
is fulfilled automatically in the case of solving the problem.
Then, the vector of optimal volume fractions of filler fractions in the composite is determined:
where ϕ jv opt is the optimum volume fraction of the vth fraction of the jth type of filler.
The switch to optimum mass concentrations of the corresponding fractions of solid components:
is conducted by means of the formula:
where,
is the sum of mass concentrations of the solid components.
EXPErImENTaL Table 1 gives the characteristics of the silicon dioxide fractions used as disperse filler of a suspension based on low-molecular-weight rubbers (oligomers) with terminal epoxy groups (polydieneurethaneepoxide of grade PDI-3B) and carboxyl groups (polybutadiene of grade SKD-KTR).
The Gibbs "composition-property" diagram ( Figure 1 ), which we obtained using a developed computer program [3] , demonstrates the dependence of the quantity h r = h f /h 0 of the investigated polymer suspension on the volume ratio of three silicon dioxide fractions differing in mass-average particle size in accordance with Table 1 .
In both cases, calculation of the limiting volume fillings (j m ) via the coefficients of porosity of different mixtures of fractions was carried out using the coefficients of porosity of the individual fractions, determined by the viscometric method [1] . Here, the physicochemical factor affecting the limiting filling of the polymer binders was taken into account "automatically" by the physical nature of the viscometric method.
For the mathematical description we developed earlier for the structural and mechanical properties of filled elastomers based on three-dimensionally crosslinked low-molecular-weight rubbers with terminal functional groups [4] , the tensile strain (e f b ) corresponding to the energy of mechanical failure, provided the continuity of the material is retained before its rupture, can be estimated using the analytical dependence: where the subscripts 'f' and '0' relate to the filled and free polymer binder respectively. The dependence takes into account the uniaxial deformation of the statistical mean interlayer of polymer binder between the solid particles [4] .
Investigation of the influence of j m of the disperse filler on the deformation and strength characteristics of the elastomer composite was conducted using silicon dioxide of the following fractional compositions: 1 -the initial control specimen, 240:5 µm = 20:80%; 2 -the trial specimen, 240:5:1 µm = 40:40:20%.
The corresponding failure envelopes (Figure 2) indicate that, with a constant value j = 0.712, a change in j m from 0.752 to 0.816 leads to an increase in the energy of mechanical failure by a factor of 1.5-1.6. Thus, the use of a polyfractional disperse filler with a constant chemical composition of the composite makes it possible to ensure a considerable increase in the service life of the investigated composite material proposed as a cold-resistant waterproofing coating for asphalt road surfaces.
The use of a filled three-dimensionally crosslinked elastomer as a cold-resistant waterproofing coating ensures an elastic (reversible) deformability of the road surface at temperatures ranging from -50 to +50°C, which prevents failure of the asphalt exposed to signchanging temperatures and service loads as a result of 'water-ice-water' phase transitions accompanied with volume expansion of ice with the freezing of water in initial cracks of the asphalt.
Below, an example is given of an engineering realisation of the recommended material. The composition contained the following. A polymer binder based on a mixture (in 1:2 ratio) of polydieneurethane rubber with terminal epoxy groups of grade PDI-3B and polybutadiene rubber with terminal carboxyl groups of grade SKD-KTR (13.5 wt%); natural coarsely crystalline quartz (57.4 wt%); highly disperse silicon dioxide of grade Aerosil-380 (24.6 wt%); process additives: thixotropic reinforcing agent of the elastomer and pigment -carbon black (3.0 wt%), three-dimensional crosslinking agentepoxy resin of grade EET-1 (1.45 wt%), and a catalyst of three-dimensional crosslinking of the polymers -iron acetylacetonate (0.05 wt%). Table 2 . This table also presents the recommended composition of a composite based on a three-dimensionally crosslinked elastomer filled with three-fraction silicon dioxide. Similar coil material rolled onto an intermediate "adhesive" layer of liquid bitumen (liquid petroleum asphalt) should protect against asphalt material based on a bitumen binder becoming brittle in frost from the destructive effect of the "water-ice" pair. The given characteristics indicate the increased cold resistance of the developed coating for asphalt road surfaces and enable it to be used in a wide service temperature range (from -50°C to +50°C) over a 10-15 year period.
CONCLuSIONS
A method was developed for mathematical optimisation of the fractional composition of the initial disperse filler of polymer composites, which has a considerable influence on the coefficient of dynamic viscosity of the suspension and the energy of mechanical failure of the cured composites. A formulation has been proposed for a polymer composite based on three-dimensionally crosslinked low-molecular-weight rubbers filled with three-fraction disperse silicon dioxide, which makes it possible to increase by many factors the service life of road surfaces. As regards the created cold-resistant waterproofing coating based on filled elastomer, engineering examples are given that indicate the practical effectiveness of the proposed method.
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